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SOME ASPECTS OF THE BEHAVIOR OF CHROMIUM COMPOUNDS
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Contact dermatitis caused by metals have
unique features (morphology and chronicity of
the lesions) which explain the unwillingness of
some authors to consider them typical allergic
contact dermatitis of the delayed type.
It is apparent that only extensive information
about the interaction between these metals and
body constituents from the moment the contact
is made until the dermatitis appears can effec-
tively answer the many existing questions.
After studying the work of other investigators
(1—12) our primary aim was to explore the first
phases in the interaction between chromium
compounds (i.e., potassium-bichromate and Cr-
sulfate and -chloride) and skin. Functionally,
the skin may be considered to consist of a number
of parallel membranes: the epidermis with its
outer and inner layer, perforated by sweat ducts
and hair follicles; the dermis and the membranes
of their cellular components.
The biological effect of the chromium com-
pounds will be determined by passage of and/or
interaction with these membranes.
As one of these effects will exclude the other
to a certain extent, it will be necessary to study
them separately.
First, the passage of the chromium compounds
through isolated cadaverous epidermis of sole
and dermis of the back was studied (I). Their
effect on the isolated cadaverous membranes
was studied by measuring the changes in mem-
brane potential of the intact membranes (II).
As the results of this method indicated a
binding of trivalent Cr compounds and a possi-
ble reduction of hexavalent Cr, the binding
capacity of Cr compounds to dermal proteins,
serum and whole dermis (III) was determined,
and also the reduction of bichromate by different
skin components (IV).
In order to relate these investigations to the
problem of contact dermatitis by chromium,
permeability for Cr compounds was tested in
vivo (V), and a number of intracutaneous tests
were performed on chromium-sensitive patients
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(VI). Finally a number of animal experiments
(VII) were carried out in order to test the con-
clusions derived tentatively from the foregoing
experiments.
I. DIFFUSION EXPERIMENTS
Method
Epidermis (about 0.03 mm. thick) or dermal skin
(about 3 mm. thick, epidermis cut off from it) was
fastened to one free end of 30 ml. glass cylinders
(diameter 3 cm.) and held by rubber bands. The
cylinders were placed in a beaker filled with about
400 ml. distilled water. About 20 ml. of a chromium
salt solution was added to the cylinder.
The fluid on either side of the membrane was
thoroughly agitated by rotating glass propellers.
The temperature was maintained at 25°C. Every 20
minutes a small sample (about 0.5 ml.) was taken
from the beaker and the chromium concentration
determined.
In some experiments, the diphenylcarbazide
method was followed, in others, radioactive
chromium salts had to be used because of the low
concentration of Cr, and the radioactivity meas-
ured.
After an initial period, the diffusion velocity
became constant and linear values against time
(t in minutes) were obtained. Each experiment
lasted about 4 hours, so that dissolution of water-
soluble proteins from the membranes (derived
from the backs of three cadavers) could be
neglected. In some experiments pH 7 was obtained
by using a citrate-phosphate buffer.
After the diffusion experiment the material
through which the diffusion took place, was cut
from the surrounding material, the adhering water
removed and the water content (W in % of dry
matter) determined in order to calculate the thick-
ness of the membrane (d in cm.).
The specific gravity (s.g.) of the dry material
was assumed to be 1.3. The permeability (P) of the
membrane for the chromium salt may be cal-
culated from the formula derived from Fick's law.
—
2.303VV2d
1
M
(Vi + V2)At — (V1 + V2)C2
V1 and V2 represent the volume of the material
in ml. in the cylinder and the beaker respectively;
A is the area of the membrane in cm.2;
M = the total amount of permeating substance
in g. Cr;
C2 = the concentration of the chromium salt in
the beaker in g. Cr/ml.).
Finally the diffusion constant D (in cm.2/min.)
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may be calculated from:
D = P + 100/s.g.
w
Results
A. Epithelium. Neither potassium bichromate
nor chromic sulfate or chloride diffuse spon-
taneously through isolated epidermal membranes(soles), if they are intact. After instituting
iontophoresis for some minutes with a current
of 3 mA, bichromate diffuses through the sweat
pores.
Chromic chloride was not transported.
B. Dermal skin. The diffusion constant of
several experiments with bichromate and with
chromic sulfate are tabulated in table 1.
As was expected, no clear difference between
solutions of different pH and concentration
(C1 in %) or between membranes with varying
thickness (d) could be detected.
It is important to compare the determined
diffusion constants with the real ones in water.
Manegold, in his diffusion experiments on non-
interacting systems as urea and collodium
membranes (19), came to the conclusion that
in a membrane of irregular porous structure,
only about one third of the total water volume!
ml. of the membrane is used for dialysis. So the
D of potassium bichromate in the aqueous part
of the dermis should be a third of the free diffusion
constant which is 654.106 cm2./min. (17) i.c.
218 X 106 cm2./min., if there is no interaction
between the membrane and bichromate. The D
of chromic sulfate should have been analogous
to a third of its free diffusion constant 240.10—6
cm2./min. (18) i.e. 80 X 106 cm2./min. (17, 18).
The relation R between our determined D and
the real D of free diffusion is tabulated in the
last column. It is evident from these figures
that the bichromate is virtually unhindered in
its passage through the dermis, since the diffusion
is not less than the free diffusion, R being 1.0 or
more. Contrary to this, the passage of the chromic
ion appears to be much less then expected, as
only in case of pH higher than 4.7 the degree of
polymerisation is more than four. An interaction
between the chromic sulfate and the membrane
is very likely.
The pH measured in the fluid is not identical
with that in the dermal membrane. This was
confirmed by experiments in which identical
membranes were immersed in chromium solutions
TABLE 1
Permeation of chromium salts through isolated
dermal skin
Skin Ci d W D. 106 R
KCr2O7
a
b
c
b
3.8
3.9
3.9
3.9
7.0
7.0
7.0
7.0
7.o
7.0
3.9
7.0
7.o
7.o
7.o
7.o
7.0
10
1
1
1
1
1
1
0.1
0.1
0.1
0.1
0.01
0.01
0.01
0.007
0.007
0.007
0.24
0.16
0.43
0.29
0.20
0.24
0.22
0.24
0.22
0.25
0.40
0.26
0.25
0.27
0.26
0.26
0.25
193
189
165
177
190
172
153
196
200
186
128
250
208
239
193
176
190
392
356
344
318
219
305
207
403
451
240
528
360
297
332
329
300
324
1.8
1.6
1.6
1.5
1.0
1.4
1.0
1.8
2.1
1.1
2.4
1.6
1.4
1.5
1.5
1.4
1.5
Cr2(S04)3
c 2.7
2.7
2.8
2.8
2.8
10
10
0.747
0.747
0.747
0.15
0.23
0.14
0.15
0.14
138
145
157
153
152
12
17
66
12
26
0.2
0.2
0.8
0.2
0.3
Ci = concentration of diffusing fluid in %,
d = ttiickness of the membrane in cm.,
W = water content in % of dry matter,D = diffusion constant,
R — determined diffusion constant—
free diffusion constant in membraneS
and water was pressed out of the skin with an
ordinary press. It appeared that, even when
soluble proteins were removed from the skin,
the pH of the water in the skin rose from 3.6 to
5.7 in the bichromate solution and from 2.9 to
4.1 in the chromium sulfate solution.
II. MEASIJREMENT OF MEMBRANE POTENTIALS
Method
The membrane potential of epidermal and
dermal membranes was determined by the method
of Petri and Staverman (13). Epidermal mem-
CHROMIUM COMPOUNDS IN THE SKIN 113
branes were obtained by the method according to
Baumberger, Suntzeff and Cowdry (14) by heating
the skin on a hot plate; the dermis was then dis-
carded. Dermal membranes of normal skin (N)
varying in thickness from 0.1 to 0.4 cm. were ob-
tained with the aid of a chamois leather cutting
machine. For each determination, six membranes,
about 5 cm. diameter, were prepared from the skin
on one side of the back of one cadaver; the skin
from corresponding symmetrical sites on the other
side of the vertebral column was used as a blank.
The blanks were always treated in the same way
as the other membranes, except tbe one with
chromium salts, which was replaced by immersion
in water for the same length of time.
The membranes were shaken with a 5% NaC1
solution for 48 hours at 20°C. to remove soluble
proteins. Some drops of toluene were added to pre-
vent bacterial contamination. Next the mem-
branes were immersed in a chromium salt solution
(e.g. 10% chromic sulfate solution) for 24 hours
(e.g. 10 Cr24) and rinsed in water during 72 or 96
hours (112096). These long periods appeared to be
necessary for a satisfactory extraction. In the case
of epidermal membranes, these periods may be re-
duced to a few hours.
The membranes were then, for a period of 24
hours, placed in the buffer solution in which the
membranes were to be examined (B24).
After this treatment each membrane was placed
between two cups (fig. 1), one of them filled with a
0.1 M KC1, the other with a 0.01 M KCI solution of
the same pH. In each of the sets a different PH,
varyingfrom3to 8, was maintained by means of a
veronal-acetate buffer solution. The liquid in the
cups was agitated continuously by perfusing nitro-
gen for 16 hours. A calomel electrode was then put
in each KC1-solution and the potential difference
in each set measured in mV. The measurement was
repeated every half hour to make sure that con-
stant results would be obtained.
At the so called iso-electric point (TEP) the
colloidal membrane will be electrically uncharged.
The K and Cl ions, having the same radius, will
diffuse through the membrane at the same rate.
The membrane potential will be zero. By lowering
the pH of the surrounding liquid of the membrane,
it will become positively charged and it will be
more difficult for the K ions to penetrate. The
diffusion velocity of the K and Cl ions will be
unequal and the membrane potential positive. In
the case of a pH higher than the IEP, the
membrane will be negative.
So the IEP will be obtained by interpolation of
the values of different p11's (figs. 2, 3 and 4), in-
tersecting the abscissa. Prior to the routine treat-
ment, some dermal membranes were deaminated
during 148 hrs. with nitrous acid, extracted with
10% sodium bicarbonate for 24 hrs. and rinsed in
water (D). Some other membranes were methyl-
atcd at the sites of the COOH-groups with metha-
nol and HCI for 148 hrs., extracted during 24 hrs.
with 10% sodium bicarbonate and rinsed in water
for 24 hrs. (M).
Results
One difficulty in using epidermal membranes
is that small pores, perforations, are difficult to
detect, so only a restricted number of experi-
ments was done (fig. 2). The results with the epi-
dermal membranes correspond with dermal
membranes, which have a good reproducibility
(figs. 3 and 4). The curve B24 of fig. 3 (the lowest)
intersects the abscissa at pH 5.8 (IEP), indi-
cating that the membrane is constituted by a
substance with a majority of negatively charged
groups. When the membrane is rinsed in 5%
NaC1 (curve N-B24) by which water soluble
proteins are removed, the IEP is slightly more
neutral (pH 6.2). Treatment of the membrane
with 0.01% chromie sulfate does not change the
IEP; treatment of the membrane with 1%
Vitc±J:n =
0,01 MXCI SQL .dCCI ol.
}'in. 1. -\pptLratLI fur netlsuI]ng the membrane ,uieiiti;aI
114 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
chromic sulfate (N-B24, 1 Cr24, fig. 4) shifts the
IEP to about 8; treatment with 10% bichro-
mate oniy causes a small change in the IEP to
about 6.5 (N-B24, 10 Cr624; fig. 4). Because of
this small change, the results of the treatment
of ten different dermal membranes with a 10%
bichromate solution and five different dermal
membranes with a 1 % chromic sulfate solution
/
Potential difference
mV
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15 \\
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s
+
1—c
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5
1Cr3j6 , B24
I I4 5 6 7 8
10Cr6 B
B4
9
pH
Treatment of m4mbranes
10Cr315 ,
of membranes
10Cr, ,H2O72B24.
0,01 C24 H2096 ,B2.
Number of
experiments
2
3
4
4
Number of
experiments
10
10
5
+
3
B24
4
pH
Fm. 2 (upper). Membrane potentials at different pH of epidermal membranes treated in various ways.(Symbols are referred to in the text.)
Fm. 3 (lower). Membrane potentials at different pH of dermal membranes treated in various ways.(Symbols are referred to in the text.)
TABLE 2
Effect of pretreatment with 10% KCr2O7, measured
by the mean (d) of ten values of D — D0
Range of pH d sa
3.50—3.90 —0.13 0.68
4.30—4.70 0.57 1.24
5.20—5.50 0.55* 0.33
6.20—6.70 0.40* 0.18
6.90—7.40 0.42 0.81
8.00—8.50 0.34* 0.27
DT = potential difference observed in the mem-
brane treated with K2CrsO7,
D0 = potential difference observed in its water-
treated control,
Sd = standard-deviation of DT— D0.
Values of d, significantly differing from zero
are marked with an asterisk
were statistically evaluated (tables 2 and 3). For
the difference between ten membranes treated
with 10% bichromate and their water-treated
controls, average values and standard deviations
mentioned in table 2 were found. Nearly all
values are positive, though small, and three of
them are significant according to the t-test, even
at the 1% level. Thus there is a strong indication
that pretreatment with 10% bichromate yields a
small but systematic shift in positive direction.
The observations on membranes, treated with
TABLE 3
Effect of pretreatment with 1% Crs(SOa)3 measured
by I.he mean of 5 values of DT —
(for pH: 6.80-7.30; 4 values)
Range of pH Sd
3.50—3.90 2.05 2.48
4.40—4.60 493* 0.76
5.20—5.50 539* 0.35
6.10—6.50 5.28* 0.82
6.80—7.30 4.87* 1.35
8.10—8.40 1.88* 0.98
For further explication of symbols see table 2.
1 % chromic sulfate, show a strong, systematically
positive shift (table 3).
As no Cr(III) could be demonstrated in the
supernatant liquid during the immersion of the
dermis in the bichromate solution, it seems likely
that a small quantity of the bichromate is re-
duced in the dermis.
By esterification of the COOH-groups with
methanol a very positively charged membrane
arises (N-M). The membrane potentials of the
chromic sulfate treated and non-treated mem-
branes do not differ. The chromic sulfate there-
fore will not have bound to this esterified tissue.
Prior deamination causes a strongly negatively
charged membrane (N-D). The chroinic sulfate-
treated membrane (N-D, 1 Cr324) appears to be
Potential difference
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Treatment of membranes
1C24 B.
Number of
experiments
3
3
I
S
10
10
2
2
10Cr324 H2096, B24
.142096,524.\\
\
iCr324 .}12096,B24.
9
pH
Fia. 4. Membrane potentials (as in fig. 3) of methylated and de-aminated membranes
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less negatively charged. This confirms the gen-
erally accepted assumption that trivalent chro-
mium salts may be hound to the earboxyl groups
of the proteins (16). Immersion in potassium
sulfate or nickel sulfate has no effect on the
membrane potential, so the change of the mem-
brane potential is not due to the effect of the
divalent anions.
III. BINDING CAPACITY OF CRROMIUM SALT5 WITH
SERUM AND DERMAL PROTEINS
Method
Dermal proteins were obtained from dermal
membranes by extraction with 5% NaC1. Serum
proteins were obtained from the central laboratory
of the Blood Transfusion Service of the Nether-
lands Red Cross.
A solution of radioactive chromic sulfate or
radioactive potassium bichromate was added to
the protein solutions. The final concentration of
the mixture was 0.1% protein and 0.5% Cr2 (SO4)3
or 0.5% K2CrsO7; the radioactivity being about
734 pC/mi.
Immediately after preparing the mixture, 20
ml. was transferred to a cellophane bag and di-
alyzed against a 1% NaCI solution at a tem-
perature of 20°C. The residual radioactivity in the
cellophane bag was determined every day for 9
days.
Rest, its
In the conditions of our experiments (table 4)
only a slight excess of chromium salts is left in
the cellophane bag with the proteins after one
day of dialysis. The amounts of Cr are expressed
in mg./g. protein, being approximately the num-
ber of atoms Cr per molecule of protein (when
the molecular weight of the protein should have
been 52,000).
In our experiments with Cr(VI) it was found
that very little Cr, apparently bound to the pro-
tein, was lost after some further days of dialysis.
The experiaents with Cr(III)-salts showed
that a considerable part of the Cr was left behind
in the protein. So, in our opinion, it is evident
that the affinity of hexavalent chromium to
serum and dermal proteins is much smaller
than that of trivalent chromium.
It is generally known, that Cr(III) may be
bound to proteins, with a preference for the
COOH-groups. This complex binding will be-
come stronger with time (16) as the reaction
velocity of the eomplexing reaction is very slow.
Less is known about the binding of Cr(VI) to
proteins. Th binding only takes place in an acid
medium (5, 21). Most likely the negative chro-
mate-ion will diminish the positive charge of the
protein colloidal double layer, eventually cause
precipitation of the colloid and—eventually—
denaturation of it.
Our results may be considered to correspond
with these conceptions.
III. BIbDING CAPACITY OF CHROMIUM
SALTS TO DERMIS
Method
10 g. of cadaverous dermis were immersed for 96
hours in looml. 0.95% radioactive potassium hi-
chromate solution. Another 10 g. dermis were im-
mersed in 0.75% radioactive chromic sulfate solu-
tion. The dermis was then rinsed in running water.
Soluble chromium combinations, still left in the
dermis, were! extracted from it by electrodialysis
(6 V/cm.) till no more chromium was extracted.
After these treatments the radioactivity of the
dermis was determined. In the experiments with
bichromatc the Cr(III)-content of the supernatant
liquid was tested occasionally. No Cr(VI) was
found to be reduced to Cr (III) in it.
TABLE 4
Dialysis of a mixture of chromium salt end proteins
Dialysis during
Days
0 1 2 3 I
0.05
7 9
Serum albumin + Cr(VI) 1,769 0.36 0.25 0.09
Serum globulin + Cr(VI) 1,769 0.36 0.11 0.09 0.07
Soluble dermis protein + Cr(VI) 1,769 0.32 0.06 0.04
Serum albumin + Cr(I1I) 1,327 0.82 0.43 0.34 0.33 0.30
Serum globulin + Cr(III) 1,327 1.05 0.79 0.74 0.71
Soluble dermis protein + Cr(III) 1,327 0.67 0.18 0.18 0.16 0.14 0.14
The remaining (bound) amount of Cr is tabulated, expressed in mg. elemental Cr/g. protein.
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TABLE S
Rate
Substance pH C1 Cd R P
per cent
Urea 3.7 99.3 0.402 0.0 0.00
Alanine 3.7 22.3 0.402 0.0 0.00
Glucose 99.3 0.402 8.3 X 10 0.02
Chondroitinic sulfuric acid Na-salt 3.7 9.93 0.402 5.4 X 10 0.13
Lactic acid 4.3 49.6 0.201 1.1 )< 10 52
pH = pH of reaction mixture at the beginning of the reaction,
= initial concentration of substance in gr./liter,
Cd = initial concentration of K2Cr2O7 in gr. aeq. per liter,R = initial rate of reduction of bichromate in gr. aeq. per liter per hour,P = percentage of K2Cr2O7 reduced after 1 hour at a rate equal to the initial rate.
Results
In the conditions of the experiment only 0.37
mg. of the elemental Cr(VI) was bound to 1 g.
dry dermis, being about 1 % of the Cr(VI)
added. The amount of Cr(III) fixed to the dermis
was 18.2 mg. /g. dry dermis, corresponding with
about 30% of the Cr(III) added.
The results may well be compared with those
given in table 4.
IV. REDUCTION OF BICHROMATE
BY SKIN COMPONENTS
Method
Some skin components were mixed at 36°C. with
a potassium bichromate solution. The concentra-
tions of some of the final solutions are given in
table 5. The disappearance of Cr(VI) from the
solutions was interpreted as a reduction of the
Cr(VI) in Cr(III) and the rate of the disappear-
ance measured by determining the Cr(VI) con-
centrations at several moments after the mixing
of the components of the solute with each other.
By extrapolating the values found at the moment
of mixing, the reduction velocity of the bichromate
at the initial concentration of the bichromate
could be calculated. The Cr(VI) concentration
was determined by iodometric titration.
Results
Some components of the skin (hyaluronic
acid, urea, alanine) are not oxidized by the bi-
chromate, other ones are (lactic acid etc., see
table 5). It is therefore not surprising that a
mixture of watersoluble materials as described by
Spier and Pascher (20), containing, besides the
lactic acid, also formic acid and many other
substances that might be oxidized, reduce the
bichromate (fig. 5). A few samples of blister
FIG. 5. Reduction of bichromate by Spier's
skin eluate in different concentrations of eluate
and bichromate.
fluid were also investigated but the results
varied very much. With the intention to make
a comparison between the reduction velicities
brought about by the different components, the
reduction velocity per concentration unit of
bichromate (P) was tabulated in the last column
of table 5. It may be observed that lactic acid
is the most readily oxidized of the substances
examined.
V. PERMEATION OF CHROMIUM SALTS THROUGH
LIVING SKIN
Method
The amount of the chromium salts which may
permeate through the intact epidermis will bevery
small. Further it does not seem to be feasible to
conc. Cr (LI)
in gnq/1
0,10 conc. nluate
6%
12%0,08
25%
0,06
0,04
25 %
0,02
25%
5 10 15 days
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imitate live conditions in which an eczema origi-
nates alter frequent and prolonged contact with
minute quantities of chromium, as in a brick-
layer's case. The method should be reproducible.
So we used cups filled with salt solutions and ap-
plied them to the skin of volunteers. This method
makes it possible to standardize and eventually
vary the conditions and to determine the quanti-
ties of the salt, taken up by the skin.
Six perspex cylinders (6 mm. diameter; 0.25 ml.
capacity; with a 5mm. broad rim) were fastened to
the skin of a normal volunteer with mastisol. 0.2
ml. of a 1.2 solution of a radioactive Cr'-salt
was pipetted into the cylinder, which was closed
by screwing on a perspex lid. Filter paper was ap-
plied around the cups and the whole was further
secured with plastic.
Alter 6, 12 or 24 hours the lid was screwed off.
The remaining fluid in the cylinder was sampled
and all accessories removed. The skin was dried
with cotton wool and the external part of the
stratum corneum removed with scotch tape in a
region of 2 cm. diameter at the former location of
the cup. A punch biopsy specimen, 4 mm., was
taken, subcutaneous fat was removed from it
with a pair of scissors and the remaining skin
placed in a small stanniol jar, which was then
heated on a hot plate until the epidermis could
be loosened with a pair of tweezers. Finally the
activity of all the excised tissues, the solutions,
the filter paper and the accessories was deter-
mined.
Some blood and 24-hour-urine were also ex-
amined, but in none of our subjects could any
radioactive Cr be detected in these.
In another experiment jars filled with 0.3 ml.
of an 0.1, 0.2, 0.6 and 1.2% potassium bichromate
solution (pH = 3.90) were fastened on one side of
the vertebral column for 6, 1 and 0.5 hours respec-
tively, so that the product of the time of applica-
tion and the concentrntion of the solution were
always the same.
On the other side of the vertebral column of
this volunteer identical cups were placed after
sweating was provoked by pilocarpine ionto-
phoresis. The experiment was extended to another
person, using 0.1 and 0.2% potassium bichromate
solution for 64 or 32 hours. The activity of the
radioactive Cr was determined in the dermis after
discarding epidermis and subcutaneous fat. In
two additional experiments, a radioactive chro-
mium solution was applied in the ordinary way of
a patch test, but for six hours.
Excisions were cut out 6, 12, 24 and 48 hours
after application of the Cr. In one experiment the
volunteer was a normal, in the second experiment
a sensitive subject.
Results
The results of the first experiments of this
series are laid down in table 6. As the other experi-
ments have shown that only a very small per-
centage of Cr(VI) is bound to the tissues, the
concentration of the Cr(VI) has been related to
the water in the tissues. Thus the water content
of the derntiis has been determined; the water
content of tue epidermis and the stratum eorneum
have been estimated to be 50% of the wet tissue.
As Cr(III) may be bound to the tissues, the
concentration of the Cr(III) has been expressed
per 100 mg. tissue.
It appeari from the experiments that Cr(III)
does not permeate through the intact epidermis.
Further experiments were therefore restricted
to Cr(VI) solutions which do permeate.
From the! unequal concentration of the biehro-
mate in the different layers of the skin in table
6, one may conclude that the permeation of
bichromate through the epidermis does not take
place by simple diffusion through the whole
skin as through a uniform water-rich membrane,
but that a preferential route must be assumed,
which would, moreover, under the circumstances
of the experiments, be closed after 12 to 24
hours, or less.
An analogous trend appears from table 7. Here
the concentrations of the biehromate solutions
in the cups and the time of applications were so
chosen that their product is constant. The
concentration of the Cr(VI) in the skin after the
application however is not constant, but less in
the longer lasting experiments. This finding is not
in agreement with the laws of a simple diffusion.
Closure of the sweat glands after some hours—
possibly earlier at the piloearpine-treated places
—might in first instance explain the figures
found. However, we believe that the figures
found in subject 3 (with very prolonged applica-
tion of the cups) point to other factors under these
TABLE 6
Concentration of chromium in different layers of the
skin after application of cups filled with
CØ' salt solution; in normal volunteer
Concentration of Concentration of
Cr(I1I) mpg CrflTI) mpg
Cr/leo mg. Cr/mOO mg.
wet Tissue after Tissue water after
6
hours
12
hnues
24
hours
6
hours
12
hours
24
hours
Stratum
eorneum.... 122 60 61 5.8 19 7.2
Epidermis...
Dermis
0.14
0.00
0.35
0.00
0.17
0.02
3.2
5.7
3.4
13.7
1.0
6.9
CHROMIUM COMPOUNDS IN THE SKIN 119
circumstances, for instance progressive altera-
tions in the epidermal membrane.
From the one experiment on a chromium
sensitive individual (table 8) it appears that the
chromium stays longer in the dermis of the
chromium-sensitive individual, presumably be-
cause of the inflammatory reaction which is
histologically visible after six hours (4).
(In experiments on normal and Cr-sensitized
guinea pigs, this phenomenon could not be
confirmed.)
VI. TESTS ON CHROMIUM SENSITIVE PATIENTS
In 40 patients with positive patch tests on
0.5% K2Cr2O7 the intracutaneous injection of
0.02 ml. 10—2% K2Cr2O7 was positive in all 40 and
of a 10 % solution in 20. In patients who were
tested with chromium sulfate solutions, only the
test with a 1% solution showed, after 24 hours,
an erythematous nodule 0 5 mm. with necrotic
center, presumably as toxic reaction. Injections
with lower concentrations in two subjects extend-
ing till 10 % were uniformly negative.
VII. ANIMAL EXPERIMENTS
Sensitization Experiments
In the first instance it appeared to be rather
difficult to sensitize animals with bichromate,
even if an adjuvant was used. Good results were
TABLE 7
Concentration of bichromate (pg Cr/IOU my. tissue-
water) in the dermis after application of 0.3 ml.
of some concentrations of potassium bichromate
in cups for varying lengths of time, in normal
and sweating skin
TABLE 8
Concentration of chromium in the dermis after
application of 0.5 ml. 1.2% potassium bichromate
solution during 6 hours in the
way of a patch test
Concentraiion of Cr in
Sex Age Characteristics
De,mis Excision in pg
Cr/ill mg. Tissue Water,Cut Oui after
6 12 24 48
hours hours hours hours
4 M5 M 4145 NormalCr sensitive 1.4660.2660.0440.2180.2180.304
obtained however with Hunzikcr's method (22);
injecting two times 0.5 mg. K2Cr2O7 in Freund
adjuvans with an interval of 6 days.
In 2 of 30 guinea pigs, sensitized in this man-
ner, circulating antibodies against trivalent Cr
compounds, demonstrated with the passive
cutaneous anaphylaxis test, were found in
agreement with Cohen's (23) experiments with
rabbits. Moreover, occasionally Sensitization by
injection of chromium sulfate solutions alone
has been possible, although the results were ir-
regular. In a number of experiments about 50%
of the guinea pigs were sensitized and reacted
positively on injection or iontophoresis with a
test solution of bichromate while these tests were
negative with chromium sulfate solutions. A
survey of the sensitization experiments is given
in table 9.
I2ISCUSSJON
From the foregoing experiments it is evident
that the behavior of chromium salts after appli-
cation on the skin depends on many factors.
Yet some generalizations may be made with
respect to the different effects of trivalent and
hexavalent chromium salts. The trivalent
chromium salts will be bound to the superficial
epidermal and dermnl structures. The diffusion
velocity of the chromium compound will be
reduced by it. Thus the chance of inducing a
sensitization will be minimal if trivalent chrom-
ium salts have to penetrate the cpidermal
membrane and part of the dermis.
In contrast, the hexavnlent chromium ions
may pass the epidermal and dermal membranes
without difficulty. Indeed they may disappear
so fast that nothing will happen. After having
passed the epidermal barrier the negative hexa-
Time ProdurtSub-ject
2
2
2
2
2
2
2
3
3
3
3
Concen-
tration
Applied
per cent
1.2
0.2
0.6
0.6
0.2
0.1
0.1
0.2
0.2
0.1
0.1
hours
0.5
0.5
3
6
6
32
32
64
64
Pretreatment
None
Pilocarpine
None
Pilocarpine
Pilocarpine
None
Pilocarpine
None
Pilocarpine
None
Pilocarpine
Concen-
tration
in
Dermis
0.34
1.12
0.30
0.46
0.34
0.08
0.02
0.22
0.18
0.14
0.08
0.6
0.6
0.6
0.6
0.6
0.6
0.6
6.4
6.4
6.4
6.4
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TABLE 9
1
0.5
0.1
0.1
0.03
Mixture of Freund adj uvans
and chromium sulfate
(1 mg.)
Mixture of Freund adjuvans
and chromium sulfate
(0.5 mg.)
Tontophoresis
Intradermal
Intradermal
Intradermal
Intradermal
Subdermal
Subdermal
3 times, every third day
0.1 cc. daily, 10 days
0.1 cc. daily, 10 days
0.1 cc 3 times, every third
day
0.1 cc 3 times, every third
day
Once
3/5
0/5
2/5
7/15
7/15
0/5
7/15
valent chromium may be retained to a minor
extent by positively charged particles. We could
not trace this, but it seems very likely and will
be pH dependent. Nevertheless, reduction may
occur and—as was demonstrated in the in vitro
experiments—even in non-living skin. In this
way trivalent chromium will be formed inside
the skin. This is important because of the possi-
bility of the formation of a binding of more or
less co-valent character between the chromium
and a cutaneous protein, a necessity in the classic
conception of general sensitization according to
Landstciner. Confirmation of this theory is
evidenced by the possibility of sensitization of
guinea pigs with trivalent chromium salt without
the addition of an adjuvans.
Sensitization however can only be detected
with hexavhlent chromium in both guinea pigs
and man. The most simple explanation for this
phcnomcnoh is that only bichromatc may pass
into the "sensitized lymphocytes" in the same
manner as only hexavalent chromium can pass
the cell membranes of erythrocytes (25, 26).
Reduction of the bichromatc on the inside of the
membrane in the cytoplasma may then easily
occur.
The reduction-oxidation potential of the hexa-
valent triValent chromium reaction changes
Percentage of Chromium Mode of Application
Number of Animals
Frequency of Application Number of nimals
Teated*
A. K2Cr2O7/aqua
0.5
0.05
0.5
0.5
0.1
0.01
0.001
Mixture of Freund adj uvans
and bichromate (1mg.)
Mixture of Freund adjuvans
and hichromate (0.5 mg.)
(Hunziker, 22)
Epicutaneous
Epicutaneous
lontophoresis
lontophoresis
Intradermal
Intradermal
Intradermal
Subdermal
Subdermal
Daily, 10 days
Daily, 10 days
Once
3 times, every third day
0.1 cc. daily, 10 days
0.1 cc. daily, 10 days
0.1 cc daily, 10 days
Once
Twice, 1 week interval
0/15
0/15
0/15
0/15
2/5
0/5
0/5
2/5
13/15
B. Cr2(S04)3/aqua
Twice, 1 week interval
* All the animals were tested by intradermal injection of hichromate/aqua (0.1 cc. 0.03%) and chro-
mium sulfate/aqua (0.1 cc. 0.05%) and by iontophoresis (0.025% hichromate, 0.5% chromium sulfate).
All the sensitized animals gave only positive tests with bichromate. The tests with chromium sulfate
were uniformly negative.
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with the pH of the solution. The reduction has
been demonstrated with some biological sub-
stances. The rate of reduction however will be
very much dependent on the circumstances of
actual exposure to the material. This may be an
indication that the observed sensitivity to chro-
mium in the case of bricklayers (concrete with
high pH and low Cr(VI) concentration and
therefore slow conversion of the bichromate in
the stratum corneum into Cr(III)) is not neces-
sarily in contradiction with the less frequently
observed sensitivity of laborers in the chromium
factories (with circumstances of high Cr(VI)
concentration low PH, which results in fast
conversion into Cr(III) and binding to the outer-
part of the skin).
SUMMARY
1. By use of a number of different methods
(measuring membrane potential, permeability
constant, binding and reducing capacity) it was
shown that the trivalent chromium salts have a
strong affinity for the epithelial and dermal
structures, while the affinity of hexavalent chro-
mium (K2Cr2O7) is very small.
2. Arguments are proposed from the same
experiments to suggest a reduction of a small
amount of the hexavalent chromium in non-living
skin.
3. The large affinity of trivalent chromium
salts and their tendency to form large salt
complex reduce their diffusibility through the tis-
sues to such an extent that their ability to induce
sensitization will be very low. In contrast, very
small amounts of trivalent chromium compounds,
as might develop from the interaction between
bichromate and the tissues, would be excellently
predisposed to form a hapten-protein complex
as the first step in the sensitization process.
4. The slight affinity of hexavalent chromium
salts to the tissues together with their known
capacity of passing cell membranes makes them
very suitable for causing a reaction in Cr-sensi-
tized subjects.
5. The possibility of reduction in vitro (in
dead tissue) of bichromate together with the
fact that guinea pigs may be sensitized for bichro-
mate by intracutaneous injection of trivalent
chromium salts alone, makes it possible that the
formation of a chromium-protein complex out-
side the cells is the first step in the process of
sensitization.
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